E!est Avai

£ b

py—"1
-

i N 7 .
o/ /) /
& R e ’%Sw :

;%;w SLYSIS OF S FLEXIBILITY,

0 AL i .

D SA{.AI‘\?\,s, AND CoOR %3 éA% ON TESTS

RN O

Lt

« =

i i

PO by

L =L EDWIN A. FLEISHMAN, PAUL THOMAS,

and PHILIP MUNROE

Tachnical Report 3

" g Nt
TR
Ve
. % ;" w1 Prepared undzr Contrast Monr 609(32)
TN for the

Office of Naval Ressarch -

?ﬁ ti
2 . oot 261
i H
¢V Phiseaery ‘31”*";
st
(¥ .

' TIPOR
h, :

p I 0 ? DEPARTMENT OF INDUSTRIAL ADMIMISTRATION
\-‘\s AND DEPARTMENT OF PSYCHOLOGY

YALE UNIVERSITY
NEW HAVEN, CONN.

Saptomber, 1961

20030904012




i

e S P e o S T S e A e .

CHNG OF PRYSITAL HTNESS—
A FAC"{}?{ ANALYSIS OF SPEED, FLEXIBILITY,
 BALANCE, AND COORDINATION TESTS

by
EDWIN A, FLEISHEAN, PAUL THOMAS,
ond PHILIP MUNROE

Technical Report 3

Preporsd uader Contront Naonr £09(32)
for the

Office of Naval Rezzarch

DEPARTIAENT OF INDUSTRIAL ADARUSTRATION
AND DEPARTHINT OF PSYCHOLOGY
YALE UNIVERSITY
NEW HAYEN, CONN.

Srgtonb cs;??é?




-

A S ai e s o

FURaans

Thizs vepord descri‘!wﬂ ths third 4n s series of studies under t.he ganeral pm:)-
ect title "The Deve]mmen’o of Griteria of Physical Proficlency.* This pro,ject is -
supported by funds provided under Contract Nonr 609(32) betmaen Yale Unﬁvez'sity and
the Office of Naval Research,

Earlier reports have described the 'background and objectives of thls program.
The ovar-all objective is the 1dentification of the components of physical proﬂ.-
elency and the development of appropriate tests to measure these ccmponants. -The ‘
first report in this series, by Nicks and Fleishmam, ~x ;:l.ewed the li’oerature én pre=
vlous factor analytic research on the dimensions of physical fitness, The second .

report by Fleishman, Kremer, and Shoup, described the first large sqa.u_a followeup

study conducted at the Grea£ Lakes Naval Training Center. This étudy lwas anattetrxpﬁ ‘
to conceptualize the area of "gtrength® msésﬁfemant and to proﬁ.gie mcom&endatiqﬁs
for tests in this area, The present study‘i_s‘ a parallel attempt to defins the face
tors measured by tests emphasizing spesed, fle:d.‘bﬂity, balance, and coordination,
This study is the product of the efforts of a great meny pebpie and 1t would be

. difficult to acknowledge all of them, Much of the initial conception and plamming
" was done by the late Dr, Delmer C, NMicks, He not only conceived many of the oz"ig- _

inal tests, but built and supervised their pretesting, Dr, Paul Thomas and Mr,

. Philip Munroe, of San Fernando Valley State College, Northridge, Califosnia, had

wrked with Dr, Nicks on this phase and continued with the study until its comple-
tion. They‘ supervised the main data collection activit& at the San D’iego Naval
Training Genter, which was carried out during the Summer of 1959, and they conkrib=
uted to later phases of the work,

At the San Diego Naval Training Center we are inde'bted to Gaptain R. E, Domin, -
Conﬁxandi.ng Officer, and to Commander F, M, Symons, Executive Officer, Recruit Train- |
ing Command, for :bheir assistance and suppdrt in this project. Valuable assistance-




wasg also received Doom Lieutenant (‘mw—w%r & Wmars T 'un)ng Officer, zmd Lieutenmt

Bravmer, Training Operauions Tepartmonty Fnzzign Baue,..’g Aselgmment Sechliong Ensign

Stilwell, Physical Education Sectiong and Warrant Officer Tillexy in the Supply Sec- .

tion. The twenty pe'tty officers, temporarily éssignéd to our testing team, served
_ admirably 28 test administrators., In addition to Dr, Thonas and Profecscor Miinroe,
Dr, Lou Young a.nd Mr, Pote Cassidy of the San Fernando Valley State Gollege, Depart~

- mont of Physleal Education, provid.ed valushle assistance in establishing and supor-

vising the testing‘ S.ctivity. Mr, George Mareinik cqnstruéted soveral of the tests
used at San Diegoe | | ) ! |
_ The authors also *—lmowledge the expert statistical services provided by Dr.,
Benjamin Fruchter, University of Texas, and Dr. Andrew Comrey, University of Cali-
fornia at Ios Angeles, In addition, Mr, Elmar Kremer, Mre Cuy Shoun, and Mr. Gay-v
Jord Ellison provided tabulationa‘l. and computations.l assisbance during this period,
We also appreciate the- v'ital assistance provided by Mrs. Carolyn Talalay, pProje
ect secretary. James Malkin drew the fine illustrations for our test descriphions,

Appreciation for their continued support in connection with the contract is ex- ,

tended to Dr. Denzel D. Smith, former Head, Psychological Sci.ences Division, and to
Dr. Gien Bryan, Head, and Mr, John Negay, k-Assistant Head, Personnel and Training Har-
search Branch, all in the Office of Naval Research, We also ack:nowledge the support
of the Chief of Naval Personnel in facilitating the testing arrangements at San

DiegO.
posal of this report, i.n whole or in part, by or for the United St.ates_ Coverrmant,

Edwin A, Fleishnan
Project Director
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that are the importent faotora vhich neod to be aspegeed ‘i,n any c«mj)mh@nsi‘.vo‘ |
evaluati.on of physical proﬁ.cienc;y? The present study is another in a series
(Rempel and Flaiahman, 1955; Nicks and Fleishman, 19603 Fleislman, Kremer, and
Shoup, 1961) concernad with this question, . , |
" * The approach is a' correlational approach. Tests are first selected or devel-
dped with certain hypothesized sbility factors in ‘mind. (For emple, fpail 'ﬂ&lkn-
ing" might be selected to measure a hypothe:éized factor of "balance.") A Large

" mumber of such tests are administered t0 a large nurber of subjects, From thé coOr™

relations among these performances, 1.nferences are nade about the common abﬂities
needed to perform them, In ﬁther words, if the individuais vho perform well on |
test 21 also perform well on fest 28 (that is, there is a high correlatio;i), then
there must be some common requirement between these two tasks. . Of course, with a

large number of tests (eogs thirty or forty) it becomes difficult to group tests

-aceording to common factors without ﬁathematical assistance ’ but the principls is

the same The technique of fac’oor analysis starts with the correlations mong the
tests and groups the tests in t.ems of a 15.mited number of more "i\mdamental‘
group factors, ’ ’

The last report (Fleishman, Kremer, and Shoup, 1961) applied the technique of v
factor analysis to the area of stren'*bh measurement. Thirty three tests, hypothe- |
gized to tap aspects of strength, were administered to 204 Navy recruits at the .

. United States Naval Tra.ining Center, Great Lakes, Illinois, These tests Included

such diverse tasks as weight lifting, dynamom%ez‘ tests,-pu]l—ups, broadjump, soft-
ball throw, sit-ups, etc,) Five pr.’mcip]s factors were found to account for par- |
formance on these 33 tests (for a description of thess, see Fleishman, Kremsr, and




Shoupy 1961}, Furthermore, 4t wae possinle to gpecily ihe bosbe 'z.mivch bcxzt 0 &=
“uxed each ractore |

"The progent study 1e.an mgtigaﬂon of soms ekill aveas #nj ¢h mi.ni.mim
‘thength but emphesize such festures as speed, fle:zdbi‘lity, balancs, end possibly
coordination, ¥hile consideruble previous work had bc:en dons in the strength erea,
these other areas are not well defined. However, tha review by Nicks and Fleial'xman
(1560) tndicated a mmber of factors identified by previous investigation in this
aroa, The preéent study uses these tentative factors as a starting pos.nﬂ; Most
of the tests included here are naw, desigped specifically 4o tap‘ i-xypotﬁesi.zed I@- |
tors previously isolated 'but poorly defined In previous studiee, '

‘Soms of the specific sbjectives of the study were 1) to explors the factor
structure of the Speed-Fle:dbﬂity—Balance area 2) to clarify the genera:li‘by and
limits of the factors which emerge 3) to discover which tests seenm 'bo provide the |
bast assessment cf each of the factors identified h) to discover :Lf a "coordinae- |
tion" factor emerges common to the more corplex tests 5) to ses if thers .’Ls a
speed factor general to all spceded tests 6) to see if flexibilily and speed :f‘tc-

vtors correspond to 1:Lmbs or to specific muscle groups,

Hypothesized Factors and Test Descriptibné

_ As a basis for test developmezrb nine factors were hypo’c,hesi.zed' f;rom the"re-'
sults of the earlier veview (Nicks end Fleishman, 1960), At least three tests were
constructed around each factor, In order to allow the possibility of otﬁai‘ factors,
additional test vaidations were introduced, TFor example, tests of speed involving
only a:ms_. or only legs were includefi to» see if factors specific to liwmhs would
emzrges Similarly, some bé;ance tests dnvolved open eyes, others invelved clos’e'db
ey'es.. The rationale will become clear .in the following descriptions of fac:borS and
tests, Wo wﬂl‘describe an hypothesized factor and t};en describe the tests devglbped
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avound this factor; then procsed fo the naxt factor, In all, thirty tests were

developed,
FACTOR I ~ EXTENT FLEXIBIIITY

P

oy

This refers to the ability to extend or stretch the bcdy or some part thersof
as far ag pessible in various ‘directions, | ‘
Test 1 = Abdominal Stretch, (Figure 1) This test proposed to measure how far the

subject could hyper-extend his spine, or how far he could bend backwards.. The“ stibe
Ject stood with the front of his body against a fence, A strap was placed around
the subject!s buttocks and attached to the fence 5o that his hips were held firmly
againét thé‘fence. 'l‘hev subject then lesned 'Backwai‘ds as far as possible, His:
score was fhe ﬁorizontal distance from the fence to the subject’s chin, |

Test 2 - Tos Touching, (Figure 2) This test proposed to msa.stmé how far the sibe

Ject could flex hié spine forward; specifically, how far he could bend forward

without bending his knees. The subject stood on a bench placing his toes even with
the front edge, He bent over and reached down as far as possible with his hands

“vhile keeping his knees locked straight, A measuring scale was placed so that it

extended 10 inches above and below the top of the bench, The subject?s score was
the disténce on the scale he covld touch and hold for two seconds. No bobbing was

allowed,

Test 3 = Twist and Touch, (Figure 3) This test proposed to maasure how far the sub-
ject could rotate his spine, The subject stood with his norwpreferred side toward
the wall, arms length away (with fist), with his feet together and his toss touching
a line drawn perpendicular to the wall. A horizontal scale extended 12 inches §n
eithef side of a line on the wail drawm perpendicular to the line on the floor and was
marked off from O inches to 30 inches. VThe subject kept his feet in place, twlsted
back svound as far as possible and touched the wall with his preferred hand, keep-

ing the hand at shoulder height with the palm facing jbhe floor. The tester helped

4 et 1 e P e R S8, e
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ths subjest keop hle feed in place v placing his own foot agsinst the subjectls
foot, The subjectls score was the farthest poim, on the scale reached and held :!'or
at least two seconds.

FACTOR II - DYNAMIC FLEXTBILITY

This refers to the ability to make repeated, rapid, movenients which involve

n'usc:be floxibility,
Tost L - Squat, Twist, and Touch, (Figure h) 'I‘his test proposed to measure the

speed with which the subject could flex and exbend hJ.S J.egs and rotate his spine.

A belt was placed arourd. the subject's arms, and was tightened Just enough to hold -

the sﬁb;]ect's elbows at the sides of his chest, yet permit him to bring his‘palms‘

'toge_’oher in ffont of his bYody. The subJect stood between uprights which were so

placed that the subjeét could Just touch elther of ‘the top tap plates (which were
adjusted to the level of the subject's elbows) by rotating his body to one side or -
the other, Two other tap plates wera pla.éad on the uprights 18% below the top tap

plates, On the signal "0o," the subject, sbanding upright, twisted to the right

and touched the top tap plate with both hands, then squatted and touched the lower

~ tep plé.te on his right with both hands. While in this squat position, the su'bject

twisted to his left, touched the lower-left tap plate with both hands, and then
rose and touched the top tap plate on his left with both handso This completed one

cycle. The subjec’c's score was the mumber of cycles completed in 30 seconds.

PR b o R o i

. Test b = Bend, Twist, and Touch, (Figure 5) This ‘test proposed to measure the

speed with which the subject could f.‘l.ex,' extend and rotate .his spine, The sn’bjeét
stood with his back to-the wall and far enough i"mm{the wall so that he could bend
oﬁr without hitting the wall with his buttocks. His feet were shoulder width

apart, An "I" was placed on the wall in chalk or tape directly behind the middle

" of the subject's back and at shoulder height, Another X" was made on the floor

between the subject's feet, On the signal "CGO," the subject bent forward and

U e he e e . B e e e B et e s e 4
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was 2l inches, On the signal "GO," the subject,ﬁsing his preferred hand, tapped the

6

tovehad the X betwesn bis fest with both haods and then st;faightened up and touched
the X on the wali with both hands. This ropresented one eoyels, The next cyé]e'was
the szme except that the subject twisted to his right and con‘c.inueé to alternate
the side to which he twisted in each successive éycle. The subjectls scove was the
number of cycles Qompleted in 20 seconds. » ' _Y

Test 6 - Lateral Bend, (Figurs 6) This test proposed to measure the speed with

which the subject could flex laterally from sidé to side, The's‘ubjebc"h stood up-
right between two standards, amms straight and to his bside with ﬁngers pointed

down, i‘hé tap plates were adjusted to k4 inches below the subjectt!s ﬁ_ngerbips. On
the sigﬁal "G0," the subject bent to the‘righ't} and touched the $ap plate, then withe

out twisting and with knees kept straight, he bent to the left end touched the plate
on the left side, The lateral bending was done with knees and ﬁips loék]ed, ghoule

ders back and head up. This completed one éycle. The subject's score‘ was the mume

ber of cycles completed in 20 secondss - |

FACTOR IIT - SPEED OF ARY MOVEMENT |
This factor emphasized the speed with which si:np].é a.rm movements could be wmade, -

These movements included c#cm@&ion, flexion, extension, horizontal abdubtion-

and adduction. k ‘ ‘

Test 7 - Plate Tapping. (Figuc 7) This test proposed to measure the speed with

which the subject could horizontally abduct and adduct his arm, The subject'sat
facing two 8 inch discs fastened to a board so that the distance between the discs .

plate on his right; then immediately tapped the left plate, This was coumted as one
cycle, The subject's score was the number of cycles completed in 20 seconds,

Test 8 - Amm Circlifxg. (Figure 8) This test proposad to measure the speed with
which the subject could circumduct his arm, The subject, while standing, leaned

over a waste basket and, using his preferred hand, swung his arm so that his hand

-
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:,af:,rx‘.lﬂv arswd Ahe eleevnfapanes of {he wobe basket, The hand was kept

B eow

below tha top of the baried thrmgho ub the wm The subject!s ecore was the mm-
ber of revolutions mads in 20 sasonds,

Test 9 = Block Transfer, (Figure 9) This test proposed to measure the speod with
which tﬁg subject could flex and extend his shoulder, and flex anci extend his elbow,.

 Two trays, 12 inches square, 9% inches deep were placed on the teable so that one -

tray was 6 inches beyond the first tfa:r in front of the subject, Twelvé one 'meh:
cube blocks were 1n‘ the tray nearest the subject, On the signal "GO0, the subdecﬁ; -
using his preferred hand, transferred all-the blocks from the frent tray o the far
tray, taking only one block at a time, The subject then ti'ansferréd the blocks

back to the near tray, and then repeated this procedure to the far trazy so the

‘blocks had Seen transferred 3 times, ending up in the far tray. Tha subject!s
~score was the mmber of secords required to complete the three 'bramsfers. '
- FACTOR Iv SPEED OF 1EG MOVEMENT '

This fa.ctor referred to the speed with which leg movements: could be' nakes
These movements i_ncluded circumduetion, flexion, extension, horizontal a’bduction :
and adduction. ‘

Test 10 - One Foot Tapping, (F:.gure 10) This test proposed to measure the speed

 with which the subject could horluon’ca:l_ly abduct and adduct his 3.eg. The subject

sab on a chair, placing his preferred feot next to a board 18 inches long. ‘& 6 inch
perpendicula.r partition was in the center of the board. On the signal "GO,? the
éub;ject lifted his foot over ’cfze partition and tapped the' 'board on the other side,
Then, he immediately lifted and returned his foot over the parbition and 'bapped the |
board on the starting side, This was counted as one cycle, The subject's soore

was the numbez; of cyéles completed in 20 seconds, |

Test 11 - Two Foot Tapping, (Figure 11) This test proposed to measure the speed
with which the subject could flex and extend his hip joint, ihe subject stood
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" Figure 7. Plate Tapping

_Figure I1. Two foot Tapping

Figure 8. Ara clrciing

Eigure 10. One foot Tapping ‘

Figure 12. Leg Circling
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feclog 8 12 inch squers kiek boaxd sitachad to & wall 18 dnches above the flo0rs
Oﬁ the signal "GO,% ths subject 1ifted his right foot and tapped the Kick board
twlce before returning i.t to the grownd, Hev then did the samek with his left foote
Two disbtinet taps were made with each foot each ti.me and these four taps made ons
conplete cycle, The score was the mmber of cycles completed in 15 seconds, ‘
Test 12 - ___g Circling. (Figure 12) This test proposed to measure the speed with
which the sg’bject could circumduct his leg, The su'bject sbood in such a way that
he could swing his proferred leg around thé circmnference of a wa.gte baskst in a
clockwise direction, -He used the back of two cﬁai.lfs for support, and kept his foot

below the level of the waste basket throughout the test., The subjectls score‘ie‘as

the mmber of revolutions completed in 15 seconds,
FAC'"OR V - SPEED OF CHANGE OF DIRECTION

This factor emphasizes the ability of the subject to change the direction of

_movement of the body, or parts thereof, either abruptly or in a con’oinuous fashion.k

Test 13 - Dodge Run, (F:Lgure 13) This test proposed to measure the ability to

change direction laterally while moving the body forward. Six chairs are set up as
shown in Figure 13, On the signal rGO," the subject ran around the chairs in the '

- path shown on the diagram, Upon arriving at chair number six the subject did not

go back to the starting line, but went directly around chair mmber one a.gain and
repeated the rath around all of the chairs, When he arrived at chair six the
second time, he went -directly to the starting 1ine. The subject!s score was the
length of time required to make the two trips and return to the starting line,
ié_gb- 1l - Shuttle Run, (Figure 1) This test proposed to measure the speed with
which the subject could abruptly and completely change his direction o.f body move
ment, Two parallel lines 15 feet apart were made on the floor. The subject stood

-behind one line and on the signal "GO," ran to and across the other ii.ne, «stbpped,

turned and rén back across the first line, Both feet had to cross the 1ine each
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required to maks five round trips.

Test 15 - Circle Run, (Figure 15) This test proposé.zi to measure the speed with
A

which the subject could change his direction of body movement contimzouslyo. ]
circle 12 feet in diamster was made on the floor. | 4 starting point was merked on

the circumference of the circle. On the "signal "¢0," the subject ran clockwlse

around the outside of the circle. Whén he returned %o the stérﬁing point he had
completed one round. The subject!s score was the lexig{.h of tine required to com-
plete five roundss o o i
FACTOR VI ~ COORDINATION _ ‘

This factor refers to the &bility of the subject to perform a number of com-

plex motor movemnts simultaneously.

Test 16 - Figure-8 Duck, (Figure 16) This test proposed to measure the ability of

the subject to alter his body position jﬁliie moving forward r_apidly. Two uprights

were placed 10 feet apart with the cross bar adjusted to the héigh“b of the subject!s ‘
walst,. The subject star’bed at the right of one of the uprigh ts. Cln the signal ﬁGO,"

he ran under the cross bar, went around the far upright, back under the cross bar

again, and around the near upright. In other words, the subject—'ran around the up=

rights in a ‘figxn'e-ﬂ fashion, dﬁgld.ng wnder the cross bar each‘ time, This comb]sted-

one cycle, The subject!s score was the length of time required to complete four

cycles, .
Test }_7_ - Grass Drill, (Figure 17) This test proposed to measure the ability of the
" Two chairs we‘ré :

subject to make fast total body movements while on all fours.

placed seven feet apart,
one of the chairs. On the signal "GO,® the. subject, on all fours, travelled _a‘rbtmd’

the first chalr, between the éhairs, around the second chair, and back betwsen the

The subject got dovm on all fours, hands and feet, beside -

[ —
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" or‘x" the path showm in the diagram,

12

chalrs to hils staxrbing point, th“q eompiating the flgurs-%, This compleled one

¢yele, The sub;jnct's score was the length of tima required to complete four c,,mle%

Test 18 - Soccer Dribble. (Figure 13) Thiz test proposed to measure the a.bi‘lity of

the sub:jtect to manipulate a.n object with his feet while mov:hig rapidiy. On the
_ signal 'tdo," the subject dribbled the soccer ball with 'his feet avound 'tha‘che:lrs\ :
f Upon reaching chair six he returned directly to

| the starting line, '.l‘he subject's score was the length of time reqm.red to dribble '
around the chalrs and return to the starting line, -

EA_CEP_E ViI - STATIC BATLANCE _
This factor refers to the ability of the subject to mainfain bodily equjlibrj.m

with his eyes either open or closed. ‘
Test 19 - Ons oot Lengthwise Balance - Eyes Open. (Figure 18) A wood 'bala.nce rail

l% inches high, 3/L inch wide, and 2l ‘.anhes long was fastened to a board as s‘xown

in Figure 18, The subject balanced on the rail, with his hands on his hips, using

the preferred foot with the long axis of the rail parallel to the long axis of his

" foot, The subjéct determined the starting signal. When he felt he hzad his "bélance
he said ﬂco," and the tester started a'stop w’atch. The time ended when the subjec't
'bouched the fLoor with any part of his 'body, or when he removed either ha.nd from his

hips. The subjec‘b's score was the length of t.ime he held his balance.

Test 20 - One Foot Lengthwise Balance - Eyes Closed, This was 'bhe same as Test 19

-except that the eyes were kept c¢losed throughout, A
Test 21 - One Foot Cross Balance - Eyes Open. (Figure 19) This was similar to Test

19 except that the subject balanced on the ball of the preferred foot with the long ‘

axis of the rail perpendicular to the long axis of the foot, Particular attention
had to be given to the balancing foot since it was easy to let the heel or tos

touch the floor mintentionau.y
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Teeh 22 « One Fook © Isdance - Evsg Closed. This was the same as Test 21 oX~

o g

cept. that the eyses were keph closed thmughont,,
Test 23 Two Foot lenzthwise B'ﬂarce - Byeg Open, - (Fim:ce 20) This vas similar to

Test. 19 except that two feel were used on the balance rail and these had to maintain
contact with the rail throughout, '

Test 2l ~ Two Foot Lengthwise Balance - Eyes Closed. This was the e._aﬁie ‘a8 Testr2,3
except that the eyes were kaept closed throughout. ' ' '
Test 2 _5 Two Foot Cross Balance ~ Eyes Open, (Figure 21) This was similar to Test

.21 except that two feet were used on the rail and had to ma;mtain contact with it

throughont..

Test 26 = Two Foot Cross Balance - Eyes Closed. This was the seame as Test 25 ex
cept that the eyes were kept closed throughout. | ‘
FACTOR VIIT = PERFORMANCE BALANCE

This factor refers to the ability of the subject to maintain his total body
balance while in motion. _ : o
Tost 27 - Rodl Walld_ng. (Figure 22) This test proposgd to bmeasm:'a the abilj.ty of

" ‘the subject to maintain his balance while moving ‘backward oh a Very narrow supporte

A ﬁeiagonal rail was constructed of 6 boards, 3/L inch wide, 3% inches deep, and

2ly inches long, fastened so that they formed a rigid eqﬁiiateral héxago'n: "The sub-
Ject walked 'b'ackwards' on the rail stepping on each 'éegmen't in succe'ssion, touching
only one segnent at .a time with each foot, (i.e., the foot was .'t_lO'l;: allowed to overw

A lap two segments), The long axis of the foot was kept parallel with the long axis

of the segment, The subject?s score was the mmber of segments traversed be;t‘orﬁe'he‘
lost his balance and stepped'off the rzil or before he violated any of the above

~directions, ' ‘
Test 28 - Board Balance, (Figure 23‘). This test proposed to measure the sbility of

the subject to maintain his balance while standing on a movable support. A teeter

T v i ot e 1 s e n




TR AN L Seia i e, g e -

i Sy e

a




o et e A

52 iy e e A

15 .

boavt was conshricted of & {"'ri;r.i;,», 2l Jm‘“" x 12 inches x 1 :Lﬁch, supported in the
niddle by a bcard 12 inches x 2 :lncbafs xh i.ncl* s The bottom of this 12x 2 x h

" center board had the edges planpd off at an angle so that ’che width of surface in

contact with the floor was only one inch (see Figure 23)e The subject balanced hime
self on the teeter board by placing one hand on the tgster's shoulder for support.
When the subject felt he had his baJAnce and wasitad to start, he rémbved his hand
from the fester's shoulder. This was the signal for the tester to starb the stop

.watch. The subject's score was the length of time he maintained his balance, His

balance was -lost when he fell off the board, or when either end of the teeter board
touched the ﬂoor. ‘
FACTOR IX BALANCING OBJECTS

‘ This factor emphasizes the abi]ity of the subject to balance objects with his
hands or ﬁ.ngers ‘while standing still,
Test 29 - Stick Baiance. This test proposed to measure the ability of the sﬁbject

to balance an unstable ob;ject. with the non-preferrcd hand, Keeping his feet sta-

' tiona.ry, the subject balanced a stick of wood, 3/h :anh x 3/k inch x 12 :I.nches, on -
~the index finger of hisnon-preferred hand, The subject detemined his starting

time by saying #GO," when he felt he had the stick balanced under control, His

" time ended when the stick touched any other part of his body, when the stick

touched the floor, or when the subject moved either foot. The subject's score was
the lengbh of time he balanced the sticke '
Test 30 - Ball Balance, (Figure 2L;) This tes+ required the sub;ject to talance a

© ball 6n his extended a.m. The subject, keeping his feet s’oatlonaty, balanced a
‘volley ball on the back of the closed fist of his preferred hand, holdn.ng his amm -

at shoulder neigh’c. The subject detennined his sta.rti.ng time ‘by saying "C:O ® when
he felt he had the ball under control, His time ended when he let the ball touch .

‘any other part of his body, when the ball fell to the floor, or when he moved
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either foot., The ball had fo be keyh or thr back of the fist and wes not allowed

to touch the wrist or aa&n, The wrist was held straight and was not allowed to bond

to help support the ball, -His score was the length of time he ‘Balanced the ball,
Pretesting and Pilot Study |

The tests just described, are a product of considerable pre-~testing, modiﬁcam
tion, and standardization, Actually, a much larger variety of tests was tried’out,' ‘
but found deficient for‘ & number of reasons, (eeg.' diffibulty of edministration ecnd |
standardization, la.ck of reliability, 1ack of discrimination among 1ndividuale in

After these 30 tests were selected and standardized they were combined into a
'battery and administered to groups of students at San Fernando Valley State Co].lege.
As a result of thie pilot study certain minor refinements and changes were made in -
ine pesus thenselves {eo.ge time limits, number of repetitions) .and in the order of
adnﬁ.nietration. . The administration order developed is presented in Figure 25. Fat~
tors which detemined this order include ;}oﬁ.nt considerations of 1) fetigue effects
(e.g. tests involving total body ex~rtion, such as Dodge Run and cim,e Run vere |
separated by less strenuous t.ests, such as_Balance), 2) traffic flow from testing
station to testing station when la.rge groups were run ‘bhrough, and 3) the number of
test administrators available, ; - - S - ,

Administration of the Main Study at San Diego R

A testing team was estaolished at the U, S. Naval Training Center, San Diego,

Caﬁfomia. This team inc}_uded four professionel physical educators. They in turn,
were assisted by twenty Chief Pétty Officers assigned to us for the purpose of 'bhis
study. The team spent half a day training these Chief Petty Officers in the admin-
1s‘bretion.of the tests. Another pilot grouo of 55 Navy recruits were run through .
the complete test battery, before the main testing program began, The results of
this firse'day of btesting were used only to smooth out the testing procedures, to
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wy, sl to glve ﬁ.ﬁdl tilonal training to the test

adm,nistra’cbrs. In the main study, the m'riplc te 'batr,rry wag adniniu’cered to an ad-
ditional 204 Navy recmeit subjects. _ ' .

These tests were -conducted on a smooth, black-toppad physical training area, on
an adjacent grass field, and in enclosed handball courts. The weather was mild and
pleasant with temperatures in the 70's, The boys wore their physical training uni-
_fom; consisting of T-shirts, pants,-and th'ei;r regular‘is_sue boots. '_I‘h:e boots prob.

. ably h:mdered the boys in some oi‘ the tests, but all of the boys wore "!;hem} so they

were all affected, Throughout the progran, every ei‘fort was made to0 ‘obtain each

,boy's best performance, The boys were given considerable instmction and wam-tqa.
They were allowed several attempts in order to get the best score. The testers gave

the boys all the encouragement they coulds »
The .boys were divided into four groups (A, B, C; D) and sent through in four
‘lines. Group A went to Station 14, then 28, 3A, etc, Croup B started at Station 1B

" and proceeded to 2B, 3B, and so on. Groups C and D went to the stations in ‘bheir

reépective lines, There were five testers assigned to each line, The testers at

'Station 1, when the whole gi-ouP had passed 'Ehem,’ went to Station 6, then to statioxis

11, 16 etce The testers at S’cation 2 went to stations 7, 12, and so on. The lines
flowed smoothly so that there was little waiting at any station, except for the bal-
ance tests, which took a little longer. The time taken to test a company of 60 boys

- _ was approxmately two hours. The 20% boys were tested in four ha.lf-day perdods,

One physical education supervisor was in charge of each 1ine They helped out.

" where needed and kept things orderly and organized. Each boy had his own score card

with him,i whick he carried from station to station 'and turned in at the end. This
card is shown in Figure 25. All scores were recorded to the nearest half inch in

the distance tests or to the nearest tent‘n of 2 second in the timed tests, .
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5. Blocek trmnfar seconds 39, Tue foob tepplag  tieow

6, Abvdoninsl streteh __ inches ‘ 20 Oress dxil2? m.... peconds

7. LAQ‘.O!‘IJ. bend tines ' 23, Reid) walking _____ __ sepuoaks ‘

8. Toe touching . inches ) : 22, One-foot lengthwise balahce»—mm open .
9. Shuttle yun - seconds _ v ’ ~etyos cloned
10, Two-foot lengtivisze baimce--ml open ‘ 23, One-foot cross bdnma--eyw opan __”____

--pyes closed e Yol clened
11, Two-foot oross balanco--oyes open ____ o 2k, 8tick balance ______ ssconds
~—oyos closed __ . - .25, Board balence ______ seconds
12, Rall balance | seconds ; 26, Crcle run _____ seconds
13 Squt, tutst, touch ____ times - 27, leg ofreling _____ times
1. Am ooircling _____ tixas : " 28, Flgere - 8 duck ____ soconds
oz SERVICE NUMETR
SIDE ONE
PHISICAL FITNESS PROVECT I
NS 4 ] SERVICE XO. s COHPANY
 HOMETOMN o
6 LI nches  WKIGHT_____ 3Jbe.
JT8s W08,
Athlotls backeround

List tho gports in shich you have participated fn high school snd in ecllege
. on a vargity, Junlor varsity, or froriuman level., Signdfy by writing *V* for
varzity, "JV¥ for junlor varsity, and "F* for freshman after the sport. 4&lso
write *F3" Af you played first siring, or "S" if ycu wers g substituts.
Beerple--Beskotball (JV) (73) msens that ths subject played jualor warsity

beskethall on the first string.

ook the eatimsted aiss of your high school and sollegs.

High Bohool : College

— . 0-100 e G bo
— 200 « koo o 500 = 2000
e 00 = 800 1000 ~ 2000
evor 800 e, OYEr 2000

Locaticn of High School

Location ef Collaege

S10E Two
Figure 25, Subject Score Card
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Distribubion Stebistios

Table 1 presants the means and standard deviations for a1l tests administerea
at San Diego, Complete fiequency distﬁbutions were tabulated for éach tegts Tor
practically all the tests these closely approximated normal dis“bributibns. The
average age of our sﬁ‘bjecté was 18 years; 6 months (Standard Deviation = 1 year, ‘5
months), Their average height was 5 féet, 9% inches (Standard Deviation = 24
inches) and their average welght was 153,7 pounds (Standard Deviation = 18,0).

Test Intercorrelations

Table 2 presents the matrix of correlations a;znong the 30 tes;ts. It ca.ﬁ be
seen that thers is no geners.lv tathletic proficiency® factor, since thé correlations
are not unifdma]ly high. - Rather, therela're groupings of »éorrélations; indicating
a _nizmber of separate factors. ' ) | '

Factor Analysis

The correlation mati*ix was factored by the Thurstons Centroid Method (Thurw
stone, 1947). The six factor centroid solution is presented in Table 3, Rotation
to simple structure was éccoxrp]ished using Kaiserts Verimax ana.‘ly‘ﬁical solution *

programmed for an IEY 650 computer. The resulbing rotdted matrix is pfesenﬁed in

" Table o The factors were then interpreted for meaningfulness from the loadings

of the tests, We will describe each ‘fac’cor, in turn, Tests with loadings of 30
or over are listed for ‘each factor. '

Factor I is best defined by the speed tests :anolving running or gross 'body

Test Nams " Ioading
13 Dodge Run " $69
C 16 Figure~8 Duck .
ay Shuttle Run - ' 63
17 Grass Drill - o62
18 Circle Run 59
11 Arm Cireling - +52
7 Plate Tapping : o35

pmpulsion. The tests originally included to measure Speed of Chang'e_ of Direction

‘are on this fa.ctor. However, Circle Run does not emphasize this requirement. The
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2 Batabions of Teah Scores

20

(v~ 204

H* 33
Tests Units Mean S,
1. Abdominal Stretch ~inches 2949 2.62
2, Toe Touch " 311,65 2459
3, Twist and Touch n 18,51 £428

h. Squat, Twist and Touch cycles 18,05 2463
5o Bend, Twist and Touch n. 15.14 1.8k

6. Lateral Bend " 33073 5483 -
" 7o Plate Tapping " - bho08 o33
8. m Circlin.g : n 52018 7061
9. Block Transfer seconds 2}1,06 2,85
10, One Foot Tapping cycles 27.98 2,86
11, Two Foot Tapping . 10,69 1.70
13. Dodge Run seconds 16,26 1,12
1l Shuttle Run " 19,24 1.29
15, Circle Run - " 18,68 1.23
160 Figure—B Dllck » 18g61 1«6’.&
17. Grass Diill b 22,28 3629
18, Soccer Dribble " 18,72 2,80
19, 1-Ft, Lngth, Bal, Eyes Op. " 55¢73 h7.69
20, 1~Ft, Lngth, Bal, Eyes Cl. " 5.31 k. BL;
21, 1-Ft, Cross. Bal, Eyes Ope. n 35,20 35.31
22, ‘1-Ft, Cross Bal, Eyes Cl, n 3.7k 2,18
23. 2-Ft, Cross Bal, Eyes Op, - " 21.Lo 30.,29
2h, 2-Ft, Cross Bal, Eyes Cl, » 3430 1,54
25, 2-Ft, Lngth, Bal, Eyes Op. " 11,93 16,23
" 26, 2-Ft, Ingth, Bal, Eyes Cl, n 2065 1,62
27. Rall Walking : segments 15.3h 14,96
28, Board Balance seconds 11,90 3,95
29, Stick Balance " 7061 ToSh
30, Ball Balance " 19.38 39,70

* See test descriptions for scoring proceduress

%% The distnbutions were generally symmetrical except for severa’!,
of the Balance tests which were positively skewed,
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Centroid Fuctor Loadings

IEEE‘E Factors

I IT IIIr v v VI

"1, Abdominal Stretch 18 <10 32 2% 30 18
2, Toe Touch .35 07 26 =09 22 11

- 3, Twist and Touch ~08 05 25 «29 33 <08
Lo Squat, Twist and Touch L6 23 <21 -18 12 1
5e Bend, Twist and Touch S0 17 <17 17 06 12
6o lateral Bend 39 17 =22 =29 27 10
7o Plate Tapping k7 18 <16 21 33 29
8, Amm Circling B 30 10 13 - 31
9. Block Transfer ho 22 33 -1y 16 12
10, One Foot Tapping B2 16 15 29 06 ~10
11, Two Foot Tapping 43 <10 13 =23 13 23
12, Ieg Circling 52 17 ~11 =12 10 19
13, Dodge Run 4o 38 20 =36 10 03
© 1), Shuttls Run 53 34§ 21 15 03 «13
- 15, GCircle Run 6 &35 3 219 =1 24
16, Figure-8 Duck S =39 25 14 O4 05
17, Grass Drill 18 w30 «26 &19 12 15
18. Soccer Dribble 34 20 05 o4 10 17
19, 1-Ft. Lngth. Bal. Eyes Op. 1 «3% 10 -6 <17 34
20, 1-Ft, Ingth, Bal, Eyes Cl, 25 W45 21 33 29 14
21, 1-Ft, Cross Bal, Eyes Op. ks )0 03 12 <21 .23
22, 1-Ft, Cross Bal, Eyes Cl, 6 <29 24 18 03 06
23, 2-Ft. Cross Bal, Byes Op. 37 <0 =07 27 =03 12
2L, 2-Ft. Cross Bal, Eyes Ops 29 =39 15 37 13 1k

25, 2-Ft, Ingth, Bal. Eyes Op. 30 =33 <15 16 <16
26, 2-Ft, Lngth Bal. Eyes Cl, 26 08 11 O 15

27. Rail Walking 36 21 20 12 18 23
28, Board Balance W6 <17 «12 05 <06 <10
29, Stick Balance 2, 08 21 ~11 12 &1L
30. Ball Balance 21 2% 24 A5 =23 26

¥ Rounded to two places and decimals omitted,
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Fotated Fastor loadioes”
wH
Tests Factors
I II I w v VI 12
ES. GBE DF BV EF SIM
1, 2Abdominal Stretch oy 03 0. 01 5 18 33
2. Toe Touch 28 06 12 02 39 12 26
3. Twist and Touch <03 ~07 08 09 k9 10 27
- ljo - Squat, Twist and Touch 19 08 53 10 11 17 38
5. Bend, Twist and Touch 20 10 50 02 W 21 . 35
6o Lateral Bend 07 06 58 00 21 - «07 4o
7. Plate Tapping 390016 23 <04 -30 Ly 52
8. Arm Circling 52 Oh 1B 09 01 39 L6
9, Block Transfer .18 01 54 13 =20 09 Lo
10,  One Foot Tapping 16 03 58 17 U 09 42
11, Two Foot Tapping 1 05 .19 19 20 L6 3k
12, leg Circling 27 - 03 48 26 0L 05 37
13, Dodge Run 69. 03 05 03 <11 oh 49
1, Shuttle Run 63 03 19 01 09 21 48
15, Circle Run 59 06 24 1 08 18 L7
16. Figure-8 Duck 68 oy .22 12 o7 08 . 53
.17, Grass Drill 62 06 16 12 15 08 L6
18, Soccer Dribble 26 O 32 17 <07 0L 20
19, 1-Ft. Ingth, Bal, Byes Op, - 00 17 15 64 09 06 L7
20. l-Ft'o Lng‘bh. Bal. E}'es Cl. "’% . 72 "03 -% 08 02‘ 53
21, 1-Ft, Cross Bal. Eyes Ops 10 38 ok 55 07 13 18
22, 1-Ft. Cross Bal. Eyes Cl," 07 S 20 12 05 17 39
23. 2-Fto cI‘bSS Balo EyES opo 08 53 m 32 -% 06 ; hO
2L, 2-Ft. Cross Bal, Eyes Cl, = 05 6L 06 01 02 12 L3
25, 2-Ft, Lngth, Bal, Eyes Op, = =16 * .24k 19 26 01 31 28
26, 2-Ft. Ingth Bal, Eyes Ci, 02 13 15 03 05 33 15
27 Rail Walkdng - 05 iy 24 20 02 <15 3
28, Board Balance .08 27 30 29 o1 13 27
29, Stick Balance 12 <03 03 33 1 1 15
30, Ball Balance 00 02 <0 22 1y k7

e R b S et TR i e b i

* Rdunded to two places and decimals omitte,

- *% The factors are identified as follows: I, Explosive Strength; IT, Gross
Body Equilibrium; IIT, Dynamic Flexibility; IV, Balance - Visual Cues;
V, Extent Flexibility; VI, Speed of Limb Movement, , :
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cof puch tests as Squat, Twlst asd Toseh or de Tuiat and Toweh, Thaen lalley
tests also involve spoed and go do other tegts which do mt load on this factar,
Hence, there is no evidence here for a general speed factor. The pmmma of the
Arm Circli.ng and Two Plate Tapping tests extends the definition of this fuctor bg-
" yond & mere run or gross body propulsion factor. Furthar evidence on the :i.nterprew
tation of this factor comes’ i‘rom the previous study (Fleishman, Kremer, and Shoup,
. 1961). The Shuttle Run test 1s common to both studies, and its main loating in 'bhe

previous study was on Explosive Strength or "Energy Mobilization.“ M1 short mine

in the previous study were ‘loaded on such a factor. This factor was defined as the
abili’t,y to mobilize one‘s energy effectively in making single thrusting movements
requiring a maximum expenditure of force, 'I'his apparently a.ccotmted for most of
the varilance in the running tests, Such an ir.,erpretation for the pres@n‘b i‘qctor
would be consistent with the loadmg of Ar'n Circl ino -and with the absence of cerw

-tain other speed tests from this factor, ‘
Factor II is defined by the balance tests involving maintenance of body -

Test Nams - loading
19 . One Foot Iengthwise Balance = Eyes Closed 72
26 - 'Two Foot Cross Balance - Eyes Closed : 6l

22 One Foot Cross Balance - Eyes Closed o o5l

25 Two Foot Cross Balance - Eyes Open 53
27 Rail Walking - Eyes Opsn ohily
21 One Foot Cross Balance - Eyes Open 38

equilibrium, The sharp dls‘b:l.nction between this factor and the others is fmdma‘bed
by the preponderance of zero 1oad1ngs on this factor of all of the other (non-
balance) tests. It is also of interest that the "peri‘omance balance" tests (bal-
ancing a ball or stick) do not load on this factor. The factor is measured by
these tasks when the e;yes are open as well as closed. However, it is best meas-
ured when the eyeé are kept closed, In Table l;v, it can be seen that for each sep-

arate test, the loading of the Meyes closed" condition is higher than that of the
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‘ . Bgpre gran® eaviitlon. Foo sowe men the Yoo Feob :iﬁzigthwﬂ.s{‘z Halanees tests and ’
N _ the Lo Fmt Jergthise Bollanos « Eyss Open dest do not loau highly on this factor,
1: A possible reasocn might be in tho order of ad;ﬂnistration\, These tests were the
first to be given in their series, For the presen‘b, this factor is lsbelled Gross
‘Body Equilibrdum, ‘
: Factor TII is defined by tasks originally designed to measure Dvnamic
Test . Name | Loading
L 6 Lateral Bend DR 58
! 10 One Foot Tapplng . 58
9 Block Transfer 56
; L : Squat, Twlst and Touch 53
! S - Bend, Twist and Touch ' = 50
12 Leg Circling , ol8
: : : 18 'Soccer Dribble 32
i , 28 Board Balance _ ' - ¢30
Flexibility as well as by certain other highly speeded tasks, An interesting fea-
‘ ture of this factor is the absence of the three tests designed to measure "Extent
‘ Flexibility," Tests on the present factor emphasize both speed and flexi'bﬁity of
. repeated trunk and/or limb movements, Apparently, the factor involves the ability
: to make rep'eated, rapid, flexing or stretching movements, where the extent of the
| movements 1s either short or long,. ‘ .
o ’ -; Factor 1V is defined only by 'bhe balance tests given with the eyes open. '
' ' Test - . Name | loading
X , - 19 Onme Foot Lengthwise Balance - Eyes Open o6k
3 S : v 21 . One Foot Cross Balance ~ Eyes Open 055
29 Stick Balance o33
23 Two Foot Cross Balance - Eyes Open : 32
28 .Board Balance «29

The indication is that such tests involve an additional ability which emphasizes |

the use of visual cues in maintaining balance, To differentiste this from Factor

IT, we will call this facter simply Balance - Visuzl Cues,
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1 © AWndnal Streteh 55
3 Twiet and Touck b9
2 To¢ Touching 039

Thess three tests each require stretching of the trun! and back mscles as far as

- possible, " The body is elther stretched laterally, forward, or backward, No rQ-

p'éated or speeded flexing is required‘. This confirms the distinction between
"Exbent Fle:dbility" and "Dynamic Fle:cl‘bility.
Factor VI is defined by three of the tests included to measure "Spoed of Arm

Tost . . - Name : Losding
30 Ball Balance K o7
1 Two Foot Tapping . I 173

7 Flate Tapping = ' e

8 Arm Cireling ’ . 39
26 Two Foot Iengthwise Balance Eyes Closed 33
25 Two Foot Lengthwise Balance - Eyes Open © o3l

Movement®™ or "Speed of Ieg Movement,® It can be seen that arm and leg speed tests
are on thils factor. The explanation for the high loading of the Ball Balance test
may be in the rapid adjustive arm movements which must be made to keep the ball from
rolling off the arm. Similarly, the two balance test's‘do seem to require more rapid
adjusti\}e leg movements to maintain balance, - In a.ny case, this factor is renamed

Speed of Limb Movement, -

CONCLUSIONS

\ ‘ .
jSix factors were identified to .account for performance on the thirty perfomance
IR Y ’ .

v
tests, W& had original]y hypothesizei nine factors, and M:&”ffxfmy th° possibil-—

/ g tocimdV P YU AN A

ity of still additional factors}\ This i‘indlng is important in its oun rioht gince it

provides for a simpler way of describing performance in these areas of physical pro-

flciency. ~g *13 \’\ )
Of the six factors identified, some conformed quite closely to ‘those originaJJ,y

hypothesized (e.g. Extent and Dynamic Flexibility). Instead of separate "Speed of
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© foatore, we have one factoy common to both

Argy Hrrswenh? am‘z Soped of Tag Lovar
sets of limhs; W gobt eoperate Delance Lar sy ag orlginslly hvpothesized, but ‘bhey
are somewha‘ diffevent from our original conception of this m'ea. The hypothesized
"Speed of Change of Directiont® i‘actor did not emsrge as a separats factorg rather,
such performances were accounted for by an "Explosive Strengt.h" factor previously
identified. ¥o parate "Agility" or "Coordination" factors were found. 'Rather, per—
.formances on tests thought to emphasize such i‘actors were accounted for by the other
factors identified (e.g. Explosive Strength, Dynamic Fle:d.bility).

To smmnarize, the factors identified in the present study are as fofl.‘l.oxm:

Ebgolosive Strength’,: The ability to mobilize ona's energy effectively in making gine-

/ gle thrusting movements requiring a maximum expenditure of force, This ia best meas-?

ured in short run tests, such as Shuttle Run, as well as 'by the Broad -fmnp and Soft-

ball Throw tests,

‘\\

- Extent Fle:dbility‘ The ability to flex or stretch the trunk and 'ba.ck museles as far

}y’-—

‘ (‘ possible in either a forward, lateral, or backward direction, This is best meage
ured

by the Abdominal Stretch and Twist and Touch 'bests.
Tiynaﬁc F].Bxibilltj"\ The ability to mzke repeated, rapid, ﬂ.e:dng movements, The

e

" _/
7 resiliency of the muscles in recovering from strain or dis‘bortion seems critical here »
{ since speed of these repeated movenents is emphasized, The 'best measures include

/ Lateral Bend and Squat, Tmst and Touch,, £
o et Vison by Baza ,a/.u[, Spe ool v_;‘ Coov e Fe Pt

B
“Gross Body Equilibrium R 'ff ability of an individual to maintain total body equilib-

rium, despite forces pulling him off balance, where' he has to depend ma:nly on nonw
visual (e.g. vestibular and kinesthetic) cues. The. factor is best measured by bel-
anee‘ tests conducted with the eyes closed. However, the factor is general to ‘balance
tests where the eyes are kept open, Of courses thess latter "Mts a.lso invnlve vesg~ |
tibula.r and kinesthetic cues, Tests of this factor may be static tests (eag. stand~ -

ing on one foot) or performence tests (e.g. rail walking). The best measure (highest
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Ioading on this fivter, merv Jeadinrs an pbhor featerr) of this facbor wos found w
be One Foot Lengthulse Palence - Eyme Ciomed,

Balance - Visual Cues - The ability to maintajn body balsnce; when visual euer are

avallable. It is difficult to find = pure measure of' this factor, a‘i.n"e non-visusl

cues are also involved in such ‘basks. However, when the eyes arc open thie addi-

tional ability comes into play, The best measure appears to be One Foot Iengtinrlse

Balance « Eyas Open, .
Speed of Limb Movement = The speed with which an individual can ma'ke rapid ba:l.listic

or adjustive movements of arms or legs, wken accura.cy and force requirements are not
involved. Good measures are Two Foot Tapping and Plate Tapping.

The Explobive S'brength factor is the only factor which was found in our pro~-
'viou‘s study of strength tests (Fleishman, Rremer, and Shoup, 1961). Its emergence
in the present study exbénds the déﬁnition of this factor, The ofhef fivs fac’oors
found here are ‘additional to those i‘ounci in the previous s‘tudy.. ‘This previoa% study
involved 33 entirely different 'bests (except for Shuttle Run which was common to
both), These 33 'bests were accomrted for 'by four fact-ors. Thus, it has been pos=
aible to Mexplainm® perfomance in 62 dli'ferent physical fitness tests in terms of
ten factors, Furthermore, we have’ been'able to specify the tests which seem to pro-
vide the best measures of each of these factors. | 4 '

ﬁere are, of course, st111 many unanswered questions. One of the most ﬁ— )
triguing concerns the nature of "coordination" and "agility." 4 conceréed effort
needjs 1o be nade to see if these are usefully considered "sépara"oe"‘ abilities ’or if

we can account for such pérfomances in 'berms of the factors already identified, Thus

far,'these do ot emerge as separaﬁe factors in our studies, but additional studies
need to be carried out, These studies would involve a greater variety of ";c;oo»rdi-'
nated" performances than it has been possible to include so far. The use of our

battery of factor tests, in the same study with these complex tests, should allow
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ve e spacify how much of the varlsace du such performences we stlll need to explain,
S*i.mﬂ:—:r y there 1 & resd fo vse {hene factor tests to predict more complex

skilled p‘erformances‘ (e.g. athletic proﬁ.ciencie:s). This would tell us what ‘portiori

~ of such perfomé.nces are specific to the individual skills and how much is relatable

to the physical fitness factors identified in our present program.‘ There is also -
the practical question of how valid our factor tests are in predicting perfomance

in complex Jobs involv:mg physical skills,
- We also need to know more about the trainability of these component abi'.'lj.ties

and the degree of transfer of traim.ng across tasks represent.ing the same factor.
We would expect ‘high transfer between 'bests on the same factor and low 'bransi‘er bow

 tween factors. A more interesting question is the amount of transfer of training

from these skill components to more complex skilled perfornances. ;

It a.'lsp remains to combipe the best measwres of each factor into a more ‘oompre-‘ ,
hensive battery of physical fitness tests. This, in fact, has a.‘lready be_eri done
and research is underway to collect nomative and compara.tive' data on a nat;ional
school sa:nple as well as on cross-cultural sarrpleé, These résults will ba pre-
sented in subsequent repor'ts in this series, | o
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